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Fourteen lambs were obtained, which were split into two groups; a control group (CON)
and a group that was supplemented reed sedge peat (RSP). We wanted to test whether RSP could
decrease stress at weaning, increase immune response and also increase digestibility of the
animal. Lambs underwent an ACTH challenge 48 hours post weaning. D 28 of study, 10 of the
lambs (5 CON; 5 RSP) underwent a digestibility challenge. There was no difference (P =
0.8764) within cortisol concentration during the weaning portion of the study. During the ACTH
challenge a difference between RSP group and CON was reported. RSP had a decrease in
cortisol concentration (P = 0.0892). There was no difference in blood cell parameters, except for
SEG, % (P = 0.0890) where RSP had greater %. Within the digestibility trail there was a
decrease in digestibility within the RSP, within DM, OM, NDF and ADF.
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CHAPTER I
LITERATURE REVIEW
1.1

Stress response
There are two types of stress, stress that creates a positive response for the animal, and

stress that creates a negative effect for the animal. Stress causing a positive reaction, such as
enhancing function is known as eustress (Kranner et al., 2010), however stress creating negative
effects is known as distress. Distress has been defined in many ways, however for this paper
stress will be defined when an animal is required to make abnormal or extreme adjustments in its
physiology or behavior in order to cope with adverse aspects of its environment and management
(Fraser., 1975).
The hypothalamic - pituitary- adrenal axis (HPA) is stimulated through stress stimuli, it is
stimulated to combat stress through the stress response (Binsiya et al., 2017). The stress response
occurs when the hypothalamus reacts to a stress stimulus by releasing corticotropic releasing
hormone (CRH). Receptors for CRH on the anterior pituitary gland bind with CRH causing the
release of adrenocorticotropic hormone (ACTH), ACTH then binds to receptors on the adrenal
glands. The zona fasciculate within the cortex of the adrenal glands, then synthesizes and
releases glucocorticoids into the bloodstream (Binsiya et al., 2017; Einarsson et al., 2008). This
continues until stress is relieved and glucocorticoids, such as cortisol, serve as a negative
feedback to the hypothalamus and anterior pituitary regulating the release of glucocorticoids.
Glucocorticoids are regulated through two different types of glucocorticoid receptors (GR).
1

Glucocorticoid receptors are decreased affinity receptors that mediate stress amount. They are
ubiquitous throughout the body and can regulate genes controlling development, metabolism,
and immune response. Glucocortioid recptors can act to inhibit some systems; such as the antiinflammatory response in the immune system (Oakley and Cidlowski, 2013). Mineralcorticoid
receptors (MR), type 1, are used to mediate non-stress circadian fluctuations in glucocorticoids
and is primarily activational, glucocorticoids affinity for MR is increased 10 fold than that of
GR. If the glucocorticoid concentration stays increased for a prolonged period of time it can
result in muscle atrophy and immunosuppression (Mӧstl and Palme, 2002). Many different
stimuli can induce the stress response pathway within livestock production, one that is known to
effect livestock early in production is weaning. Weaning has been shown to increase stress, and
circadian rhythm of activity. This will change the neutrophil and lymphocyte ratio, and increases
norepinephrine and cortisol concentrations (Kim et al., 2011). Stress has been measured in many
different ways, the predominant way has been to test cortisol concentration using blood (Orgeur
et al., 1997; Hargreaves and Hutson., 1990; Cook, 1997).
Stress can be measured in two different responses, or a combination of both, a
physiological response, physical response, and finally showing signs of both (Kim et al., 2011).
Stress can also have an effect on the immune system of that animal in that the immune system
can be decreased, and this can mean sheep and other livestock becoming more susceptible to
disease (Salak-Johnson and McGlone., 2014).
1.2

Cortisol Measurements
Cortisol can be measured in many different ways, and there are differing opinions as to

which is the most effective way to obtain an accurate reading of cortisol, especially in sheep.
Sheep are renowned for their excessive stress, and ease at being stressed. There are a number of
2

ways that cortisol can be obtained from sheep, blood samples, wool samples, fecal samples,
saliva, and milk. All of these methods have been done within sheep and it is still controversial as
to which method is best, as each has positive and negative effects.
Nejad et al. (2014) showed that due to handling the animals and having to insert needle,
can cause stress on the animals, whereas taking wool samples from the sheep, can reduce the
handling of the animals, decrease in the use of needles, and therefore a decrease in stress when
taking the samples. Due to the advancement on looking at cortisol concentration using wool, it is
now the primary method of obtaining cortisol concentration from sheep within certain areas.
This method does have multiple steps to produce the accurate results, including the need to wash
wool samples multiple times, also there is the need to grind samples to enable the ELSA analysis
(Salaberger et al., 2016). One caution that should be taken when examining cortisol in wool, is
examining the environmental factors, depending on how the animals are handled, and condition
the wool is kept in can have an impact on results by altering accuracy. The skin itself of the
animal can cause inaccuracies for cortisol measurement. The skin has its own stress response,
resulting in a local production of cortisol, rather than the sample expressing a systemic
concentration of cortisol (Plame., 2012). Although it has been noted as a good source, Nejad et
al. (2014) found that by comparing blood and wool cortisol, wool was the more accurate
measurement, specifically on heat stressed sheep. However it has been recommended that there
may be in inaccuracies when taking wool cortisol, as the skin produces its own cortisol when
stressed (Vukelic et al., 2011). The enzyme 11 beta-hydroxylase is essential for the last step in
cortisol synthesis, within their study Vukelic et al. (2011) found that when the skin has been
damaged this enzyme is activated and expressed. The skin producing its own cortisol can cause
inaccuracies, when looking at short term cortisol concentration, due to the time that is taken for
3

the stress to get to the wool. However looking at long term results in effects of dairy cows Comin
and Prandi (2013) found that hair sampling was a good way to understand the long term effects
of the HPA axis, their results also show a wide variation between each animal within their HPA
axis, determining that the activation of the hypothalamic- pituitary- adrenal axis could have a
genetic factor. Using hair sampling can also create inaccuracies within your results, as there may
be cortisol still present within the hair for years or even months (Baumgartner., et al 1989).
Therefore it is hard to pin point when exactly that stress occurred if you are trying to indicate a
particular time point within treatment. There may also be inaccuracies when looking at hair or
wool samples, based upon length of the hair or wool.
Blood cortisol sampling is used regularly when checking for cortisol concentrations,
however, it is widely known that when obtaining blood, stress can be induced on the animal.
This extra stress can alter results that are obtained. The circadian rhythm of the animal also plays
a large role in blood cortisol testing, due to the rapid fluctuations in blood cortisol
concentrations. Samples must be taken at the same time, to get repeated measures (Palme, 2012).
It has also been stated that fecal corticoid metabolite measuring can be more accurate in
reflecting adrenocortical reactivity than by using plasma (Palme et al., 2003; Palme, 2012). By
taking blood measurements collecting other data within blood samples is possible, also it is
useful when a sample is need at a particular time, for example during an ACTH challenge, other
methods of cortisol sampling would not be beneficial when doing an ACTH challenge.
Fecal samples are a great way to get a corticoid reading, as it is not invasive, and is easily
collected, meaning the cortisol concentration obtained could be more accurate compared with
blood cortisol concentration, as an unstressed value (Pawluski et al., 2017). Cortisol itself isn’t
measured when collecting fecal samples, instead it is cortisol of metabolites, depending on the
4

species cortisol concentrations can alter. In sheep, the main metabolites found in feces are
glucuronides of tetrahydrocortisol, tetrahydrocortisone and cortolones. These samples may be
more effective in understanding the animals overall hormone concentrations however, as there is
less fluctuation in examining fecal samples than blood cortisol concentration (Rees et al., 2016).
Saliva sampling for cortisol is effective and seen as a positive method, as many animals
are accustomed to being handled around the mouth, such as for worming, or in equine dentistry
work. By simply inserting a cotton swab into their mouths, reduces stress on the animal
compared to manually handing the animal. Many animals have to have oral wormers, therefore
livestock are used to having something inserted into the mouth, reducing stress when taking
samples. If stress can be reduced on the animal while taking the sample, then a more accurate
reading of the cortisol concentration can be obtained. However there is still some manual
restraint needed for animals such as sheep, which could cause some stress to the animal and alter
results some (Mӧstl and Palme., 2002).
Milk sampling is a good way to determine cortisol concentrations in lactating animals. It
has been found that milk and blood cortisol results are identical when compared, due to the
cortisol running into the milk from the blood (Verkerk et al., 1998). The downside to using milk,
is that the animal must be in lactation. Therefore examining milk cortisol in dairy cows is often
preferred due to it not causing any extra stress to the animal.

5

Table 1.1

Different cortisol sampling methods, positive and negative impacts of each

Cortisol
collection method

Positives

Negatives

Citation

Wool

Decreased stress
when taking a
sample

Potential
inaccuracies if
sample length is not
the same

(Nejad et al., 2014;
Salaberger et al.,
2016; Vukelic et al.,
2011)

Blood

Can get other data
while collecting for
cortisol

Possible increase in
stress when taking
sample

(Palme et al., 2012)

Saliva

Decrease stress
when taking sample

Still some manual
restraint needed that
could alter results

(Kirschbaum and
Hellhammer, 2000;
Möstl and Plame.,
2002)

Fecal

Not invasive

Have to wait to
collect a sample

(Pawluski et al.,
2017; Rees et al.,
2016)

Milk

Identical results to
blood cortisol

Animals must be
lactating

( Verkerk et al.,
1998)
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1.3

Weaning methods
Stress at weaning has been studied extensively within multiple species, and multiple

stress indicators have been evaluated. These stress indicators include behavioral, physiological
and sociological changes (Weary et al., 2008). Enríquez et al. (2010) has shown there to be
multiple techniques for weaning livestock, some of these techniques include fence-line weaning,
abrupt weaning, the use of nose flaps, and by progressive weaning. Fence-line weaning being
when the dam and lamb are separated by a fence, and able to have contact, but the lamb is unable
to suckle. 2- Stage weaning is similar fence-line weaning, although lambs are fitted with a nose
flap. The nose flap stops the lamb from suckling, while still allowing access to the ewe.
Progressive weaning is the method done where the dam and lamb are separated for a period of
time and then allowed to be together again. The final one is the most widely used method and
that is abrupt weaning, which is where the dam and lambs are separated abruptly without any
contact. It has been shown that each method can reduce stress to some extent, and there has been
much research that is contradictory. Enríquez et al. (2011), stated that there were no differences
between using abrupt weaning, fence-line weaning or by the use of nose flaps, however
differences in lambs has been seen in behavioral changes, precisely vocalization, that abrupt
weaning caused more stress than progressive weaning (Orgeur, 1998; McCall et al., 1985).
Orgeur et al. (1998) showed that progressive weaning lambs could adapt quicker to being
separated from ewes, however, after two days there was no difference between abrupt separation
and progressive separation. By decreasing the stress at weaning, the animals homeostasis can be
maintained and therefore enhance the animal’s welfare (Einarsson et al., 2008).
Fence-line weaning has shown to decrease stress at weaning compared to abrupt weaning
(Haley et al., 2005). Allowing dams contact with their offspring has shown to decrease
7

vocalization of both dams and offspring, it has also shown to decrease pacing, leading to
increased intake of feed. A study by Price et al. (2003) compared abrupt vs fence line weaning of
animals, in the study they looked at stress through behavioral methods. They noted that animals
that were more stressed were more likely to walk around, than fence line weaned that stood still
(79% increase in standing still with fence- line weaned), they also noted an increase in grazing
for those animals that were fence- line weaned (24% increase). These results from Price et al.
(2003) show that there is more time spent grazing for animals in less stress and there is also an
increase in rumination, leading to greater intake of food.
Using a two stage process to wean young animals from dams, which includes the use of
nose flaps, has been shown to be beneficial to the welfare of the young animals. This particular
two stage process involves the young being fitted with nose flaps, to prevent suckling from the
mother, then followed by stage two, where mother and young are then physically separated
(Haley et al., 2005). It has been noted that lambs which go through this process show less
vocalization, than those that go through abrupt weaning (Damián et al., 2013)
Progressive weaning is a process in which dam and lamb are separated for a few hours
during the day and then reunited. This method was proposed to try and reduced the stress during
weaning. Orgeur et al. (1998) tested the theory that progressive weaning could decrease stress of
animals. They found that at weaning lambs that were progressively weaned had decreased
vocalization compared to those that were abruptly separated. However, they also found that the
difference did not last long, the vocalization difference within the animals was the only factor
that noted an increase in stress. They found no differences in blood parameters, which
determined that there was no immunity difference between abrupt weaned lambs and
progressively weaned lambs. There was also no difference in growth performance of lambs for
8

this study, determining that production of lambs didn’t alter even when abrupt weaning was
used. Schichowski et al. (2008) also used the progressive weaning strategy, where they stopped
the lambs from nursing the ewes for a week prior to separation, the findings from this study
concluded on a behavioral standpoint that the progressive weaning was less distressful, as lambs
which underwent progressive weaning were 98.2 % less vocal than those lambs that were
abruptly weaned. Although this method showed decrease in stress, Schichowcki et al. (2008) also
noted that lambs that were abruptly weaned and lambs that were progressively weaned had no
difference in ADG. Therefore, on a production standpoint there were no production gains from
this method.
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Table 1.2
Weaning
method
Abrupt

Fence – line

Different weaning practices, positive and negative impacts of each
Definition

Positives

Negatives

Abruptly
separating ewe
from lamb

Easy labor
Shown increase
No difference in in behavioral
weight gain of
stress
lambs using
abrupt weaning
vs other
methods
Using a fence
Shown decrease
to separate ewe behavioral
and lamb
stress

2 -stage

Using a nose
flap to prevent
suckling prior
to weaning

Progressive

Separating ewe
and lamb for
periods of time
and allowing
them back
together prior
to weaning

Decrease ewelamb bond
Decrease
behavioral
stress
Decrease the
magnitude of
stress at
weaning

10

Increase labor
Decrease
weight gain
when nose
Increase stress
over a longer
period of time
Increased labor

Citations
(Enríquez et al.
2010)

(Haley et al.,
2005)
(Price et al.,
2003)
(Damián et al.,
2013)

(Orgeur et al.
1998)

1.4

Stress effects on nutritional needs
Changes in feed intake and ADG, due to stress, effects feed efficiency of the animal

which enables the animals to get to market weight quicker (Price et al., 2002). Stress can
decrease ADG of the animal (Norouzia., 2015). This occurs due to a reduced release of growth
hormone production, and a decreased feed intake (Bova et al., 2014). Increasing stress will
decrease insulin-like growth factor 1 (IGF-1) and increase GH, this is because energy utilized by
the body will not go to the growth of peripheral cells, but instead be put to survival (Binsiya et
al., 2017). By finding methods to decrease stress of lambs, their gain can be sustained, or even
increase it. This can be done through choosing appropriate weaning practices.
1.5

Immunosuppression at weaning
Although there is not conclusive reason as to how both systems effect each other (Blecha,

2000), it is noted that there is a decrease in immunity when the body is put under stress (Carroll
and Foresburg, 2007). It was found by Minton (2014), that there is a negative correlation
between cortisol concentrations and the concentrations of lymphocytes within the body.
Decreasing the immune system the animal can be put in danger of obtaining diseases, which can
decrease the ADG of the animal, reducing market weight. In addition, a decrease in immunity
can lead to veterinary intervention and (or) antibiotics, which increases the production cost, and
in some cases may lead to death. These overall factors lead to a decrease in stress has been seen
to affect the cell-mediated and humoral immunity, which can increase the chance of disease of
the animal (Carrol and Forsberg, 2007). It is important to examine the neutrophil: lymphocyte
ratio (N: L) as it has been seen that stress will increase lymphocytes to maintain homeostasis
within the body (Jones and Allison, 2007). It has been shown that by using fence-line weaning, a
decrease in N:L ratio can be obtained (O’Loughlinet al., 2011). Padgett and Glaser (2003) stated
11

that within chronic stress is has been shown that the glucocorticoids released by the
hypothalamic- pituitary- adrenal axis, can affect the immune system, as the glucocorticoid
receptors that are expressed on a variety of immune cells can bind cortisol. By binding the
glucocorticoids onto immune cells, immune cells become inhibited and interference in function
of NF-κB (nuclear factor kappa- light- chain- enhancer of activator B cells), in doing so it
interferes with cytokine- producing immune cells. By increasing the concentrations of nutrients
available to the animal, by means of increasing the mineral and vitamin intake, there is hope that
the immune system may stay consistent rather than decreasing at weaning time, as minerals and
vitamins act as cofactors and coenzymes for many biological pathways that aid in immunity, it
has been shown that added zinc, copper, selenium, and chromium have all increased immunity
within livestock, when added to the diet at times of induced stress, such as weaning (Galyean et
al., 1999).
1.6

Reed sedge peat supplement

Reed Sedge Peat, is a substance that is composed of 60% forages that have been decomposing
for over 6000 years (Trckova., 2005). It has had many different uses over the years, and is
predominately used as bedding for dairy, or poultry (Shober et al., 2010). However new evidence
has come about that is may be used as a feedstuff, this particular feedstuff is labelled as a mineral
supplement, but also has humic substances (Trckova et al., 2006). Reed Sedge Peat (RSP) as a
feed stuff and as bedding are visually very different, RSP as a bedding has an increased water
content in comparison to that of the feedstuff, which is more crystalline in appearance. The
palatability of RSP could potentially be questioned when feeding to livestock. Reed Sedge Peat
is only mined from one sauce within the US, it is mined from the only fresh water source of Reed
Sedge Peat, and for that reason there is little variation within its quality. Reed Sedge Peat is 60 to
12

80 % humic substances. These humic substances comprise of humic acids, fulvic acids, ulmic
acids, humates and humins. Humic substances are naturally occurring compounds, with complex
structures (Liu and Cooper., 2000), which have been seen to increase growth of plants, poultry
and pigs (Chen et al., 2008). Mirnawati et al. (2013) found that by adding humates and nonfermented palm kernel cake to the diets of broiler chickens, increased broiler performance and
improved broiler weight gain, carcass value, and feed: gain.
Wang et al. (2007) found similar results to Mirnawati, (2013) however, their study was
done using pigs, to see how the humic substances affected them with respect to growth
performance, blood parameters, and meat quality. They found that adding the humic substances
improved ADG, and feed: gain, and also meat quality of the pigs increased, with respect to
marbling scores and color. They noted that this increase in weight gain and imporved
performance could be from a protective film that humic substances can produce in the
gastrointestinal tract (GI tract), to protect the GI tract against infections and toxins, thus
increasing utilization of nutrients. Humic substances have shown that they have direct inhibition
of bacterial and virus growth, this can improve gut health and nutrient absorption, which can
result directly with increased growth.
Kunavue and Lien (2012) studied the effect of fulvic acids, one of the humic substances,
with pigs and how administering it can affect the immune system. They found that adding fulvic
acids aids the immune response when looking at the red blood cell antibody tilter of pigs. It is
unknown as to how humic substances aid in the immune response, and there is only limited data
reported to see the effects of humic substances on the immune system. However there was an in
vitro study done by Chen et al. (2008), to test whether humic substances can affect neutrophil
adhesion. They reported that humic substances increased neutrophil adhesion and also increased
13

superoxide radical production, they found that this pathway could have been activated via a
similar pathway to other stimulants, by going through the nuclear factor kappa B. It was stated
by Trockva et al. (2005) that humic acids may aid in the immune system by their ability to form
complex saccharides, these complex saccharides act to stabilize immune responses, specifically
the receptors for the immune response.
1.7

Conclusion
Weaning is known to cause stress within lambs, in turn this stress can negatively affect

lamb performance. Humic substances has been reported to aid in animal growth, the immune
system and also has the possibility to decrease stress. By incorporating humic substances into
lamb feeds, it is hypothesized that there can be an increase in growth, upregulation of immune
response, and decreased stress during weaning.
1.8

OBJECTIVES
The objective of this study is to see the effect of feeding RSP to lambs during weaning,

specifically within stress, immunity and apparent nutrient digestibility.
1.9

HYPOTHESIS
It is expected that when RSP is fed to lambs during weaning, it will decrease stress,

increase the immune response, while increasing the apparent digestibility of lambs.
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CHAPTER II
MATERIALS AND METHODS
2.1

Animal management and treatments
All procedures for this study were approved by the Mississippi State University

Institutional Animals Care and Use Committee (IACUC 18-165). Fourteen Hampshire cross
lambs (10 ewe lambs, 4 ram lambs) were housed at the physiology unit of the Leveck Animal
Research Center (33.472580,-88.792880) at Mississippi State University. Lambs were stratified
by date of birth, twin or single, parity of ewe, and also gender. Lambs were then separated into
two groups of 7. One group was treated as the control group (CON), were fed 230 g complete
feed (Ware Milling Show Lamb Mix), and the second group were fed the complete feed with
49.6 g (as recommended) reed sedge peat (RSP; Kent Nutrition Group, Muscatine, IA) top
dressed. Feeds were halved and fed twice daily at 0630 and 1630. Both groups had ad lib access
to forage during the day while on pasture. Lambs (and ewes prior to weaning) were housed
inside during evenings to protect from predators, and were also supplied ad lib access to water
throughout the day. All animals were FAMACHA tested once every 3 weeks, monitored for
illness daily, and weighed every two weeks. Lambs were dewormed prior to entering the
digestibility trial, and prior to the study did show signs of sore mouth, this however did not show
an impact on feed intake.
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2.2

Weaning procedure
Lambs were fed their assigned treatment beginning two weeks prior to weaning (d 1of

study) at 72.5 ± 4.15 d of age and 24.11 ± 3.82 kg BW. At each feeding, lambs were separated
into individual pens. Lambs underwent abrupt weaning d 14 of study where lambs were put into
a larger pen, separated from the dams, for two days then put back out to pasture as a collective
group separated from dams. Blood was collected via jugular venipuncture at weaning, and before
feeding on every subsequent Tuesday, Thursday, and Saturday at 0630, before feeding until d 28
of study (end of weaning study). Lambs were restrained via manual restraint and care was taken
to minimize stress while collecting blood (Grandin, 1997). A small portion of the neck was
shaved prior to the first blood collection. Blood was taken using a 20-gauge x 2.5 cm vacutainer
needle, into vacutainer blood collection tubes. Blood samples were then centrifuged at 900g for
20 minutes to separate serum. Serum was stored at -20°C until analysis. Lambs were handled
prior weaning to minimize stress during blood collection.
2.3

ACTH challenge
Forty eight hours after of weaning (d 16), lambs were subjected to an ACTH challenge,

where blood was collected as described above with an addition tube of blood collected into a
tube with EDTA (1.8 mg). After initial blood collection ACTH was administered IV (0.2μg/kg
of BW; Hewagalamulage et al., 2016) via the jugular vein. After ACTH was injected, blood
samples were taken every 15 minute for 1 hour.
2.4

Digestibility trial
At the completion of the weaning trail (d 28 of study) 10 lambs (5 from each treatment)

were moved to individual pens (2.3 m x 1.2 m.) For 8 days, the first 3 of which were to allow for
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adaption to the pens, followed by 5 days of collecting total fecal output. All lambs had ad lib
access to water, and fed 1 % BW hay and 4 % BW concentrate feed, lambs that had been
receiving RSP continuing with their treatment. The feed was split in two feedings daily at 0630
and 1630. Feces were collected every day from 0630 until 1800, and then again at 1900. Each
day feces were weighed and a sample collected, a 10 % total weight from each lamb and stored
at -20 °C until analysis. Orts were weighed and sampled similar to feces. Feed hand grab
samples were collected daily and composited throughout the trail.
2.5
2.5.1

Sample analysis
Cortisol analysis
Cortisol was analyzed using a cortisol radioimmunoassay kit (MP Biomedicals, LLC,

USA). Briefly, blood serum was thawed, vortexed, after which 0.25μg serum was placed into
cortisol coated tubes. Cortisol (1 ml) was then added to the samples which were then incubated
in a water bath at 37 ± 1 °C for 45 minutes. Samples were then placed into a PerkinElmer 2470
Automatic Gamma Counter (PerkinElmer, Hopkinton, MA) machine from which cortisol
concentration of each sample was determined.
2.5.2

Complete blood count with differential analysis
Complete blood count (CBC) with differential analysis was conducted by Mississippi

State Veterinary laboratory, using a Cell-Dyn 3700 Hematology Analyzer, per standard
operating procedure (Bolin, 2018).
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2.5.3

Digestibility analysis
Analysis was run on feed and RSP samples from the weaning trail. Feces, feed, and RSP

from the digestibility trial were also analyzed for DM, ash, CP, fat, NDF, ADF, AIA and ADL
(AOAC, 2007).
2.5.4

Statistical analysis
All statistical analysis were carried out using the statistical software package SAS

(Version 9.4, SAS Institute, Cary, NC, United States). Differences in weight gain and
digestibility were determined by using the general linear model procedure of SAS. With
treatment being the independent variable.
For the immunology portion of the study the MIXED procedure of SAS was used to
determine the concentration and percentages of CBC with differential, and the interaction
between treatment and time. The MIXED procedure of SAS was obtained to determine the
differences in cortisol concentration at each time, and between time points, with animals being
fixed effect. Statistical significance was set at P < 0.100.
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Table 2.1

Item
DM, %
OM, %
Ash, %
CP, %
NDF, %
ADF, %
HC, %b
Fat, %
a
b

Proximate analysis of feedstuff fed to lambs during the study. (Hay was only fed
during the digestibility study)

Hay
87.49
94.24
5.76
13.77
70.99
31.19
39.80
0.93

Feedstuff a
Com
87.74
92.16
7.84
18.12
27.39
14.01
13.38
3.16

RSP
87.12
76.78
23.22
5.24
63.37
60.60
2.78
0.40

= Com = Complete feed without RSP; RSP = Reed sedge peat supplement
= HC = Hemicellulose
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CHAPTER III
RESULTS
3.1

Weight gain
There was no difference (P = 0.5905) for mean weight gain between RSP lambs and

CON lambs (Table 3.1).
3.2

Dry matter intake
There were no differences between RSP lambs or CON lambs for DMI (kg/d), DMI

(%BW/d) Hay (kg/d), Hay (% BW/ d), Conc (kg/d) basis (Table 3.2). However there was a
deference for RSP lambs to have an increase in Conc (% BW/d) intake compared to CON
animals.
3.3

Apparent digestibility
There were some differences within apparent digestibility within this study. Lambs

consuming CON digested DM and OM more (P = 0.0458; P = 0.0430 respectively) than those
consuming RSP. With regard to ash there was no difference (P = 0.2812) for ash apparent
digestibility between CON lambs to RSP animals. Further there was no difference in CP
apparent digestibility between CON lambs and those RSP animals (P = 0.2146). Neutral
detergent fiber apparent digestibility was different as CON animals had increased apparent
digestibility (P = 0.0509) compared to RSP fed animals. There was also a difference (P =
0.0786) for ADF apparent digestibility as animals fed CON had increased apparent ADF
digestibility compared to RSP fed animals. There was no difference (P = 0.730) for
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hemicellulose (HC) apparent digestibility between CON lambs and RSP lambs. There was also
no difference (P = 0.4977) for fat apparent digestibility in CON compared to RSP animals (Table
3.3).
3.4

CBC with differential
For most of the white blood parameters, there were no differences between RSP lambs

and CON animals (Table 3.4). The WBC count between CON group and RSP group was not
different (P = 0.6682). With regard to neutrophils there was a difference between CON and RSP
fed animals with respect to neutrophil percent (P = 0.0890) where lambs fed RSP showed an
increase in neutrophil percent, whereas when looking at neutrophil count there was no difference
between lambs fed RSP and control lambs (P = 0.6671). Lymphocyte percentage and count
between CON group and RSP group not different (P = 0.1541; P = 0.3196). Monocyte
percentage and count were not different (P = 0.6020, P = 0.5669). Eosinophils percentage and
count showed no difference between CON lambs and lambs fed RSP (P = 0.6572; P = 0.3771
respectively). SEG (neutrophils) however did show a difference in percentage, however there
was no difference in count (P = 0.0890; P = 0.6671 respectively).
3.5

Cortisol
There was no time x treatment interaction (P = 0.9559) and, therefore main effect of

treatment was recorded. For the weaning period of the study there was no difference between
CON and RSP (P = 0.8764) there was a time main effect difference (P = 0.0502).
For the ACTH challenge there was no time x treatment interaction (P = 0.7627) the
results showed a difference between CON and RSP (P = 0.0892) with RSP fed lambs having a
decreased cortisol concentration (Table 3.5). There was also a difference in the time points
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during the ACTH challenge which was expected (P = 0.0008) when at 15 minutes was the
greatest in cortisol concentration for both RSP and CON treatments. When examining area under
the curve for cortisol concentration there was no difference (P = 0.1771) between RSP and CON
lambs, likewise when studying the difference in cortisol concentration with respect to the
baseline measurement there was no treatment x time interaction (P = 0.4352). There was also no
main effect on time or treatment (P = 0.4977; P = 0.3871 respectively) with cortisol
concentration, when examining comparing cortisol concentration to baseline.
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Table 3.1

Effect of reed sedge peat on body weight and weight gain at weaning
Treatment a

Item
CON
RSP
S.E.M
Weight gain,
0.133
0.153
0.018
kg/day
Body weight at
23.8
24.4
1.021
d 1, kg
Body weight at
25.6
26.6
1.162
d 28, kg
a
= CON = Control fed lambs; RSP = reed sedge peat supplemented lambs

Table 3.2

P value
0.5905
0.7665
0.7060

Effect of reed sedge peat on DM intake
Treatment a

Intake
CON
RSP
S.E.M
DMI, kg/d
1.15
1.22
0.047
DMI, % BW/d
3.97
4.32
0.137
Hay, kg/d
0.18
0.18
0.026
Hay, % BW/d
0.65
0.66
0.114
Conc, kg/d
0.97
0.98
0.061
Conc, % BW/d
3.32b
3.48c
0.052
a
= CON = control fed lambs; RSP = Reed sedge peat fed lambs
b, c
= Means within row differ (P < 0.1)
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P value
0.3184
0.1062
0.9581
0.9330
0.8744
0.0552

Table 3.3

Effect of reed sedge peat to mean lamb digestibility, during a 5 day digestibility
trial
Treatment a

Item

CON
RSP
S.E.M
Digestibility with respect to total fecal collection
DM, %
75.16d
71.94c
0.964
d
OM, %
77.36
74.32c
0.895
Ash, %
48.33
44.20
2.525
CP, %
78.94
77.28
0.874
d
c
NDF, %
60.47
54.96
1.697
ADF, %
59.41d
47.11c
4.315
b
HC, %
60.90
63.15
4.459
Fat, %
79.15
73.25
5.878
Digestibility with respect to using AIA as a marker
DM, %
33.17
35.92
5.315
OM, %
35.85
37.94
5.309
Ash, %
-46.24
-32.26
10.647
CP, %
40.39
44.52
5.400
NDF, %
-12.61
-8.02
9.530
ADF, %
-30.85
-15.55
13.760
HC, % b
4.74
-0.27
8.703
Fat, %
29.50
45.67
12.891
Digestibility with respect to ADL as a marker
DM, %
54.53
62.90
2.641
OM, %
56.38
64.18
2.530
Ash, %
0.20
22.63
6.501
CP, %
59.93
67.81
2.493
NDF, %
24.07
37.52
3.896
ADF, %
11.45
33.71
7.075
HC, % b
36.02
41.43
3.762
Fat, %
55.43
67.75
6.953
a
= CON = Control fed lambs; RSP = Lambs fed reed sedge peat
b
= HC = Hemicellulose
c, d
= Means within row differ (P < 0.1)
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P value
0.0458
0.0430
0.2812
0.2146
0.0509
0.0786
0.7300
0.4977
0.8130
0.8574
0.5437
0.7257
0.8255
0.6081
0.7921
0.5621
0.1162
0.1288
0.0821
0.1176
0.0815
0.1197
0.5053
0.4074

Table 3.4

Effect of reed sedge peat to lambs during weaning on blood parameters
b

Treatment a

Blood
CON
RSP
S.E.M
P value
WBC, x 103/l
11.21
10.58
1.433
0.6682
RBC, x106/l
8.61
8.00
0.594
0.3254
HGB, gm/dl
9.40
8.73
0.649
0.3223
HCT, %
26.29
24.83
1.362
0.3030
MCV, fl
30.69
31.16
0.944
0.6299
MCH, pg
10.93
10.91
0.224
0.9279
MCHC, gm/dl
35.68
35.04
0.740
0.4025
RDW, fl
27.64
29.05
0.845
0.1218
PLATE, /μl
1342.45
1338.66
224.12
0.9868
PCV, /μl
28.30
26.11
1.639
0.2074
SEG, /μl
4322.38
4641.21
723.0
0.6671
LYMPH, /μl
5374.32
6104.28
703.0
0.3196
MONO, /μl
261.2
327.6
113.09
0.5669
EOS, /μl
355.5
524.3
184.0
0.3771
PLATENO,/μl
1045.24
1061.91
147.22
0.9117
c
d
SEGP, %
37.64
45.21
4.090
0.0890
LYMPHP, %
56.21
50.01
4.071
0.1541
MONOP, %
2.84
2.38
0.8614
0.6020
EOSP, %
47.64
82.69
77.03
0.6572
a
= CON = Control fed animals; RSP = Reed sedge peat fed animals
b
= WBC = White blood cell count; RBC = Red blood cell count; HGB = Hemoglobin count;
HCT = Hematocrit; MCV = mean corpuscular volume MCH = Mean corpuscular hemoglobin;
MCHC = Mean corpuscular hemoglobin concentration; RDW = Red cell distribution and width;
PLATE = platelet; PCV = Packaged cell volume; SEG = Segmented white blood cells
percentage; LYMPH = Lymphocyte count; MONO = Monocyte count; EOS = Eosinophil count;
PLATENO = Platelet number SEGP = Segmented white blood cells percentage; LYMPHP =
Lymphocyte percentage; MONOP = Monocyte percentage; EOSP = Eosinophil percentage
c, d
= Means within row differ (P < 0.1)
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Table 3.5

Effect of feeding reed sedge peat to lambs at weaning and during an ACTH
challenge on cortisol concentration
Treatment a

Average cortisol
CON
RSP
S.E.M
P value
concentration,
ng/ml b
Weaning
2.23
2.14
0.537
0.8764
d
c
ACTH
8.04
5.85
1.184
0.0892
a
= CON = Control; RSP = Reed sedge peat
b
= Two time points during study = Weaning = during the 2 week weaning study; ACTH =
during the 60 min ACTH challenge
c,d
= Means within row differ (P < 0.1)
There was no time x treatment interaction
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CHAPTER IV
DISCUSSION
4.1

Effects on ADG and digestibility
There have been many studies with poultry and pigs to show that humic substances can

aid with growth. However within this study there were no differences in lamb weight gains. This
disagreement with other papers which have used swine and poultry and were just adding humic
acids to their diets, and reported increased growth for both baby pigs and poultry. There have
been studies that show similar results to this present study, Weber et al. (2014) found that adding
humic acid to the diet did not affect growth of pigs. There have even been studies that have
shown a decrease in growth of lambs also. Enueme et al. (1990) found that RSP fed to lambs
resulted to a decreased gains proportionately to the amount of RSP fed. Ponce et al. (2016)
reported no effect of growth performance by pigs, when humic acid salts were added to the diet,
which also agrees with the present study. Wang et al. (2008) found that pigs fed humic
substances at 10% of diet compared to control animals (no humic substances) had increased
ADG of 0.082 kg/d from day 0 to 8 weeks. Trckova et al. (2005) review paper explained that
RSP’s content of humic substances could increase nutrient uptake and increase growth. They
also stated that natural peat has more benefit than isolated humic acids. In chickens, it has been
seen that growth was increased, however the reason has not been verified (Rath et al., 2006).
Kocabagli et al. (2002) assumed that the increased uptake of nitrogen, phosphorus, and other
nutrients were due to chelating factors that are prevalent in humic substances. Due to the
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discrepancies within the studies discussed there is not a verified conclusion as to how, or whether
reed sedge peat can increase growth.
The apparent digestibility of DM, OM, NDF and ADF by lambs decreased, which can be
detrimental to growth and production, and this does not match previous studies, as other studies
such as Terry et al. (2018) found that feeding humic acids to beef cattle, did not have any effect
on the digestibility of DM, OM, NDF and ADF yet their particular study did report a decrease of
digestibility of crude protein. Therefore it is apparent that in ruminants adding humic acids to the
diet does not increase digestibility, and in some cases may even decrease digestibility.
Within the present study AIA and ADL were also analyzed to determine the relevance of
using either of these as apparent digestibility markers. Utilizing AIA as a marker, did not show
similar results to those found for total fecal collection, with all of the apparent digestibility
parameters showing no difference between lambs fed RSP or CON groups. When using ADL as
a marker, results for some apparent digestibility parameters were also different to using total
fecal collection method, although NDF apparent digestibility was different, the results showed
that CON had decreased apparent digestibility compared to lambs fed RSP (P = 0.0815).
Whereas, using total fecal collection method to determine apparent digestibility, there was an
increase in digestibility in NDF for CON lambs compared to lambs fed RSP. When examining
the apparent digestibility results using ADL as an internal marker, it was noted that for each
apparent digestibility parameter, the means between the RSP and CON groups were not similar
to the results seen using total fecal collection as a determinant of apparent digestibility, with the
RSP having increased digestibility mean compared to CON animal numerically. Ash apparent
digestibility, when determined using ADL, as a marker showed a decrease in digestibility for
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CON animals compared to RSP fed lambs (P = 0.0821), however this could be due to one animal
having an increased negative value.
4.2

Effects on stress and immunity
During stress glucocorticoids can inhibit the immune system by blocking receptors, it is

thought that adding humic substances may aid in the immune response. The present study do not
show this to be the case. Wang et al. (2008) showed that by adding humic substances to a swine
diet there will be an increase in immune response was concluded based on an increase in blood
lymphocyte count. It was hypothesized that an increase in lymphocyte counts demonstrates an
improved immune system. Results from the present study showed no difference of white blood
cell count, lymphocytes, monocytes, or eosinophils, which suggest that humic acids may not
affect the immune system in the way that it does for monogastrics, or feeding humic acids in the
form of reed sedge peat may not be the same as adding synthetic humic acids. Lambs fed RSP
fed had an increased neutrophil percentage, which may be beneficial for an appropriate immune
response. Nathan (2006) stated that neutrophils are of major importance within the immune
system, and act as the first line of defense for innate immunity. Kumar and Sharma (2010)
demonstrated that neutrophils enhance the programming and activation of dendritic and
macrophage cells. A possible reason for the discrepancy in results may be in the preparation of
this particular peat, it did not have the effect that was expected, in a review paper by Trckova et
al. (2005) they found that specific peat preparations can be beneficial to protect animals from
viral diseases, and hypothesized that humates act by binding to viral particles and render them
inactive by binding to the cell surface. They also noted that humic substances have the capability
of forming complex saccharides, that can act as modulators and aid in intercellular interactions.
By doing so this can aid cells in the immune response, by keeping it in balance. It has been seen
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in other animals, such as rats (Kühnert et al., 1982) that humic substances can act as an antiinflammatory, which may suggest that cytokines may be affected.
There has not been much literature to suggest stress relief in livestock, however there has
been much research done with plants. Many studies have shown that humic substances can
reduce physiological stress in plants. The present study’s results did not show that the RSP had
an effect on stress on the lambs with respect to cortisol, instead there was no change. Islam et al.
(2005) wrote how humic substances should help with stress, as the humins can act to increase the
amount of oxygen that can travel in the blood, leading to a euphoric feeling, thus reducing stress.
There has not been extensive research done within this area, at looking as to how the mechanism
of humic substances affects the stress response system, most of people’s finding have led to
hypothetical theories. From the present study’s results there needs to be further research
conducted to finding the mechanics behind how humic substances affect various pathways, and
also more research into the correct amount of humic substances to administer to different animal
species.
4.3

Conclusion
It seems that RSP does not affect lambs the same way it affected pigs and poultry in

previous studies. This present study showed that this particular method of administering humic
substances to lambs may not be an appropriate delivery system to increase digestibility, or
immune response, and decrease stress. Within the present study is showed to decease DM, OM,
NDF and ADF digestibility, within neutrophil percent, and assist with decreasing cortisol at 48
hours after weaning, but not over the entire weaning period.
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To understand why the results from studies using humic substances as a feed additive
does not always have the same results, the mechanism of how humic substances interact with the
immune system, stress response and digestibility, needs to be fully understood.
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APPENDIX A
NUTRIENT ANALYSIS OF FEED INTAKE, FECES AND DIGESTED FEED OF LAMBS
FED RSP AND CON DIETS
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Table A.1

Table to show average nutrient intake (g) of lambs fed RSP and CON

Treatments
a

a

DM

CP

NDF

ADF

HC

FAT

6086.0 5599.4

486.6

1032.7

2150.9

1107.3

1043.6

161.4

CON

5745.3 5313.2

432.2

1008.3

1963.1

955.9

1007.2

152.5

= RSP = Lambs fed reed sedge peat; CON = Lambs fed control diet

Table to show average nutrient fecal output (g) of lambs fed RSP and CON

Treatments a DM
1685.7
RSP
1443.2
CON

OM
1417.5
1217.7

Ash
268.2
225.5

CP
235.0
212.2

NDF
952.5
786.7

ADF
515.2
446.6

HC
437.3
340.1

FAT
36.2
37.5

= RSP = Lambs fed reed sedge peat; CON = Lambs fed control diet

Table A.3

Table to show average nutrient digested (g) feed of lambs fed RSP and CON

Treatments a
RSP
CON
a

Ash

RSP

Table A.2

a

OM

DM
4400.3
4302.1

OM
4181.9
4095.5

Ash
218.5
206.7

CP
797.6
796.1

NDF
1198.4
1176.3

ADF
592.1
509.3

= RSP = Lambs fed reed sedge peat; CON = Lambs fed control diet

38

HC
606.3
667.1

FAT
125.2
115.0

APPENDIX B
CORTISOL MEASUREMENTS
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Figure B.1

RSP

Mean cortisol concentrations of blood during ACTH challenge of lambs
consuming RSP and CON diet. (Treatment x time interaction, P = 0.762)
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